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Summary
Background:  The  threat  of  hospital-acquired  infections  persists  despite  advances  in
the  health  care  system.  A  lack  of  knowledge  regarding  infection  control  practices
among  health  care  workers  decreases  compliance  with  these  practices.  We  con-
ducted  a  study  to  assess  the  knowledge  of  infection  control  practices  among  nursing
professionals  at  our  hospital.
Methods:  In  total,  100  nurses  in  the  intensive  care  units  at  our  hospital  were  given
a  questionnaire  with  40  multiple  choice  questions,  including  10  questions  each
regarding  hand  hygiene,  standard  and  transmission-based  precautions,  care  bundles
and  general  infection  control  practices.  The  responses  were  scored  as  percentages.
Results:  The  overall  knowledge  and  awareness  regarding  different  infection  control
practices  were  excellent  (>90%  positive  responses)  in  5%  of  the  nursing  professionals,
good  (80—90%  positive  responses)  in  37%,  average  (70—80%  positive  responses)  in  40%
and  below  average  (<70%  positive  responses)  in  18%.
Conclusion:  The  infection  control  knowledge  among  the  nurses  was  fairly  good;  how-
ever,  there  is  still  a wide  scope  of  improvement  with  regular  educational  programs
and  in-house  training.
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Introduction
Even  with  advances  in  the  health  care  system,
the threat  of  hospital-acquired  infections  (HAIs)
remains.  The  Centers  for  Disease  Control  and  Pre-
vention  (CDC)  reported  that  an  estimated  1.7
million  infections  occur  annually  in  hospitals  in  the
United States  (US),  with  99,000  associated  deaths
[1].  The  Study  on  the  Efﬁcacy  of  Nosocomial  Infec-
tion Control  (SENIC)  estimated  that  the  cost  of
HAIs was  $4.5  billion  in  1992,  and  after  adjusting
for inﬂation,  this  cost  increased  to  approximately
$6.65 billion  in  2007  [2]. Infection  prevention  and
control efforts  have  historically  focused  on  mon-
itoring  and  preventing  HAIs  locally;  however,  HAI
prevention  has  recently  become  a global  priority,
which  has  resulted  in  an  evolution  of  infection  pre-
vention  and  control  [2]. Infection  control  policies
have been  established,  but  HAIs  still  cannot  be
prevented  because  of  a  lack  of  control  over  the
implementation of  such  policies  [3]. More  than  a
century and  a  half  ago,  Semmelweis  demonstrated
that hand  washing  was  sufﬁcient  to  reduce  the
incidence  of  nosocomial  infections;  however,  the
compliance  of  health  care  workers  (HCWs)  with
recommended  hand  washing  practices  remains  low
[4—7].  A  major  contributing  factor  to  poor  com-
pliance is lack  of  awareness  [4,8].  Strategies  have
been adopted  at  various  institutional  levels;  how-
ever, compliance  failure  is  a  root  cause  for  the
increased incidence  of  nosocomial  infections  [4,9].
Aims and objectives
The  aim  of  this  study  was  to  examine  the  knowledge
of nursing  professionals  regarding  infection  control
practices  in  clinical  settings.
Study design
Hospital setting
The  study  was  conducted  at  a  350-bed  Joint  Com-
mission International  (JCI)-accredited  tertiary  care
hospital in  India  with  established  infection  control
policies  and  practices.  The  hospital  has  an  infec-
tion control  ofﬁcer  and  infection  control  nurses
(ICNs) who  are  actively  involved  in  infection  con-
trol training  and  surveillance.  The  nursing  staff  are
instructed on  hospital  infection  control  policies  dur-
ing their  induction  into  the  hospital  and  regularly
thereafter. The  hospital  has  extensive  infection
control awareness  programs,  including  an  infection
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ontrol  manual  for  all  the  wards,  a  hospital-wide
and hygiene  campaign,  regular  surveillance  of
and hygiene  by  ICNs,  a  monthly  best  hand  washing
ompliance  trophy,  infection  control  trainer  pro-
rams, and  the  celebration  of  infection  control
onth with  activities  to  increase  awareness  among
ospital  employees,  such  as  a  quiz,  poster-making
nd T-shirt  painting  competitions.
aterial and methods
he  subjects  in  the  study  were  nursing  staff  from
arious intensive  care  units  at  the  hospital.  In
otal, 100  nurses  were  enrolled  in  the  study.  The
urses  were  divided  into  three  categories  based  on
heir nursing  experience:  junior  nurses  (0—5  years),
urses-in-charge  (5—8  years)  and  nursing  supervi-
ors (>8  years).
A questionnaire  with  40  multiple  choice  ques-
ions, including  10  questions  each  regarding  hand
ygiene,  standard  and  transmission-based  precau-
ions, care  bundles  and  general  infection  control
ractices,  was  designed.  Ethical  clearance  was
btained  from  the  hospital  ethics  committee.  The
uestionnaire  was  given  to  each  of  the  study  sub-
ects. The  responses  were  analyzed,  and  the  scores
ere tabulated  as  percentages.
esults
n  total,  100  staff  nurses  completed  the  question-
aire. The  distribution  of  staff  according  to  years  of
xperience was  82  nurses  with  0—5  years  of  experi-
nce (junior  nurses),  13  nurses-in-charge  with  5—8
ears of  experience  and  5  senior  nursing  supervisors
ith  more  than  8 years  of  experience.
The departmental  distribution  of  the  nurses  is
hown in  Table  1. Overall,  45  nurses  were  from  med-
cal intensive  care  units,  28  nurses  were  from  a
tep-down  ICU  and  a  high-dependency  unit  (HDU),
0 nurses  were  from  a coronary  care  unit,  8  nurses
ere from  cardiac  surgery  recovery,  and  9  nurses
ere from  surgical  recovery.
Table  2  shows  the  overall  awareness  of  infection
ontrol practices  among  the  nursing  profession-
ls according  to  their  years  of  experience,  which
as interpreted  as  excellent  when  the  positive
esponses to  the  questionnaire  were  >90%,  good
ith 80—90%  positive  responses,  average  with
0—80% positive  responses  and  below  average  with
70% positive  responses.  The  overall  awareness  was
ood in  37%  of  the  nurses,  average  in  40%  and  below
verage  in  18%.  Only  5%  of  the  nurses  had  excel-
ent knowledge.  More  experienced  nurses  had  good
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Table  1  Area  wise  distribution  of  the  nurses.
Staff  →  Nursing  supervisors  Nurses-in-charge  Junior  Nurses  Total
Area  ↓
Medical  intensive  care  units  1  5  39  45
Coronary  care  unit  1  2  7  10
Cardiac  recovery  1  1  6  8
Surgical  recovery 1  1  7  9
Step-down  ICU  and  HDU 1 4  23  28
Total  (n) 5 13  82  100
Table  2  Overall  awareness  of  infection  control  practices  according  to  experience.
Staff  Excellent
(score  >90%)
Good
(score  =  80—90%)
Average
(score  =  70—80%)
Below  average
(score  <70%)
Total
Nursing  supervisors  0  (0%)  3  (60%)  2  (40%)  0  (0%)  5
Nurses-in-charge  0  (0%)  9  (69%)  4  (31%)  0  (0%)  13
Junior  Nurses  5  (6%)  25  (30.5%)  34  (41.5%)  18  (22%)  82
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wTotal  5  (5%)  37  (37%)  
nowledge  of  various  infection  control  practices,
hereas nurses  with  less  experience  had  average
nowledge. Overall,  60%  of  nurses  with  >8  years  of
xperience  had  good  knowledge  of  infection  control
ractices,  and  40%  had  average  overall  knowledge.
f the  nurses-in-charge  with  5—8  years  of  expe-
ience, 69%  had  good  knowledge,  and  31%  had
verage knowledge.  Junior  nurses  with  <5  years
f experience  had  variable  levels  of  knowledge
f infection  control  practices:  6%  had  excellent
nowledge, 30.5%  had  good  knowledge,  41.5%  had
verage knowledge,  and  22%  had  below-average
nowledge.
Table  3  shows  the  awareness  of  the  nurs-
ng staff  regarding  different  infection  control
ractices, including  hand  hygiene,  standard  and
ransmission-based  precautions,  care  bundles  and
eneral infection  control  practices.  The  responses
o the  hand  hygiene-related  questions  were  ade-
uate:  23%  of  the  nurses  had  excellent  knowledge,
2% had  good  knowledge,  34%  had  average  knowl-
dge, and  only  11%  had  below-average  knowledge.
or questions  related  to  standard  and  transmission-
ased precautions,  9%  of  the  staff  nurses  had
xcellent knowledge,  22%  had  good  knowledge,
7% had  average  knowledge,  and  22%  had  below-
verage knowledge.  The  responses  to  care  bundle
uestions indicated  that  8%  of  the  nurses  had
xcellent knowledge,  18%  had  good  knowledge,
3% had  average  knowledge,  and  31%  had  below-
verage knowledge.  Regarding  general  infection
ontrol practices,  only  2%  of  the  nurses  had  excel-
ent knowledge,  24%  had  good  knowledge,  63%  had
verage  knowledge,  and  11%  had  below-average
nowledge.
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i40  (40%)  18  (18%)  100
The  nurses  had  good  knowledge  regarding  hand
ygiene: 55%  of the  nurses  provided  good  or
xcellent responses  (>80%  positive  responses).  For
ther infection  control  practices,  such  as  standard
nd transmission-based  precautions,  care  bundles
nd general  infection  control  practices,  most  of
he nurses  had  average  knowledge  (>70%  positive
esponses).
iscussion
n  the  present  study,  more  than  40%  of  the  HCWs
orrectly answered  over  80%  of  the  questions
oncerning important  aspects  of  infection  con-
rol. Knowledge  of  hand  hygiene  was  adequate,
ut a signiﬁcant  deﬁciency  in  the  knowledge  of
ther infection  control  practices  was  observed,  as
pproximately  70%  of  the  nurses  provided  average
r below-average  responses.  This  ﬁnding  is  impor-
ant because  it contradicts  the  effectiveness  of
xtensive  in-house  infection  control  programs  and
raining.
Studies have  reported  varying  levels  of  knowl-
dge regarding  infection  control  in  HCWs,  and  the
roportion  of  HCWs  who  were  aware  of  these  prac-
ices ranged  from  16—75%.  A  study  of  HCWs  in  Nepal
eported  that  16%  of  HCWs  had  knowledge  of  infec-
ion control  [10]. A  study  in  Jordan  reported  that
9.6% of HCWs  had  knowledge  of  infection  control,
hereas a  study  in  India  by  Taneja  et  al.  reported
hat 75.5%  of  staff  nurses  at  a  tertiary  care  hos-
ital had  knowledge  of  infection  control  [11,12].
ost previous  studies  recommended  training  to
mprove  the  infection  control  knowledge  of  HCWs
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Table  3  Awareness  of  different  infection  control  practices.
Different  practices  Excellent
(>90%  score)
Good
(80—90%  score)
Average
(70—80%  score)
Below  average
(<70%  score)
Hand  hygiene  23  32  34  11
Standard  and  transmission  based
precautions
9  22  47  22
Bundles  of  care 8  18  43  31
General  infection  control
practices
2  24  63  11
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e[4,7,12].  In  addition,  a  study  by  Angelillo  et  al.
demonstrated  that  continuing  education  courses
on hospital  infections  positively  impacted  infection
control  procedures  and  compliance  with  barrier
techniques [13].
Infection  control  involves  hand  hygiene,
standard  and  transmission-based  precautions
and care  bundles  for  urinary  tract  infections,
central line  infections  and  ventilator-associated
pneumonia.  Hand  hygiene  practices  have  been
recommended by  the  CDC  and  the  Association  for
Professionals  in  Infection  Control  and  Epidemiology
(APICE) [14,15]. The  earliest  guidelines  encouraged
the use  of  plain  soap  and  promoted  the  use  of
waterless agents,  but  many  other  studies  have
demonstrated superior  activity  of  alcohol-based
products for  reducing  bacterial  counts  [14,16—18].
Despite the  documented  guidelines,  the  rates  of
hand hygiene  practices  by  health  care  workers
remain low.  The  rate  of  adherence  is 40%,  as  deter-
mined from  the  average  adherence  rates  reported
in 34  studies  from  1981  to  2000  [16]. Three  methods
are commonly  used  to  evaluate  HCW  adherence  to
hand hygiene  practices:  direct  observation  of  hand
hygiene,  self-reporting  of  adherence  and  indirect
measures to  assess  hand  hygiene  product  usage.
Assessment of  hand  hygiene  by  self-reporting,
usually by  administering  questionnaires  to  HCWs,
is among  the  least  costly  methods.  However,
self-reporting  can  overestimate  the  prevalence  of
hand hygiene  [16,19].  In  our  study,  we  found  that
55% of  the  nurses  had  correctly  answered  8  out  of
10 questions  on  hand  hygiene,  and  only  11%  of  the
nurses answered  more  than  3  questions  incorrectly.
This ﬁnding  might  be  an  over-estimation  of  hand
hygiene  practices  or  may  be  attributed  to  the
extensive hospital-wide  campaign  and  the  posters
on hand  hygiene  that  are  on  display  at  various
locations in  the  hospital.  Larson  et  al.  found
that the  involvement  of  top-level  management  to
improve  the  organizational  culture  regarding  hand
hygiene resulted  in  a  signiﬁcant  response  from  the
staff [20].
f
t
oStrict  adherence  to  universal  precautions  is
aramount  to  the  prevention  of  infectious  dis-
ases [21].  The  World  Health  Organization  (WHO)
stimates  that  approximately  3  million  HCWs  are
usceptible  to  occupational  exposure  to  blood-
orne  viruses  each  year  [22].  Studies  have
xtensively reported  suboptimal  and  non-uniform
dherence to  standard  and  transmission-based  pre-
autions by  HCWs  in  both  developed  and  developing
ountries [23,24]. Knight  reported  that  only  58%
f nurses  in  Australia  used  gloves  when  handling
lood or blood  collection  equipment,  whereas  a
tudy from  North  India  found  that  40%  of  HCWs
ecapped needles  and  only  32%  wore  eye  pro-
ection when  indicated  [25,26].  In  our  study,
pproximately 70%  of  the  nursing  professionals  had
verage or  below-average  knowledge  of  standard
nd transmission-based  precautions.  A  survey  of
eneral medical  practices  by  Sneddon  indicated
hat only  57%  of HCWs  employed  universal  precau-
ions  [27].
Recent articles  have  suggested  that  care  bundles
re beneﬁcial  as  part  of  a comprehensive  infec-
ion control  program  in  adults  and  in  the  pediatric
opulation [28]. In  their  study  of  ICUs  in  the  US,
uruyu et  al.  suggested  that  hospitals  must  improve
are bundle  implementation  and  compliance  rather
han only  instituting  policies  [29].  Robb  et  al.  ana-
yzed eight  care  bundles  of  treatments  that  were
nown  to  be  effective  at  reducing  in-hospital  mor-
ality. Cumulative  sum  charts  showed  signiﬁcant
eductions in  the  standardized  mortality  ratios  in
he targeted  year  of  the  care  bundle  improvements
ompared with  the  previous  year  [30]. In  our  study,
e found  that  47%  of  the  nurses  had  average  knowl-
dge of  care  bundles.  However,  31%  of  the  nurses
ad below-average  knowledge,  which  emphasizes
he need  for  vigorous  training  programs  for  differ-
nt care  bundles.
In our  hospital  setting,  there  is  a tremendousocus on  training.  Therefore,  we  had  high  expecta-
ions from  our  nursing  professionals  and,  as  a result,
ur scoring  system  and  the  interpretation  of  the
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pnowledge  of  infection  control  practices  among  int
cores  as  excellent,  good,  average  or  below  average
ere strict.  The  below-average  cut-off  was  <70%,
.e., nurses  with  more  than  12  incorrect  responses
ere considered  to  have  poor  knowledge.
In  our  study,  the  experienced  nurses  scored  bet-
er than  the  nurses  with  less  experience.  Overall,
0% of  nurses  with  >8  years  of  experience  and
p to  70%  of  nurses  with  5—8  years  of  expe-
ience had  good  knowledge  regarding  infection
ontrol practices,  whereas  only  30%  of  nurses  with
5 years  of  experience  scored  higher  than  80%
a good  response).  None  of  the  nursing  super-
isors or  nurses-in-charge  were  classiﬁed  into
he below-average  category.  This  ﬁnding  is  in
greement  with  the  study  by  Suchitra,  which
emonstrated  that  increased  experience  in  a hos-
ital was  signiﬁcantly  correlated  with  increased
nowledge, improved  attitudes  and  the  imple-
entation of  infection  control  practices  among
arious categories  of  staff  [4]. However,  none  of
ur experienced  staff  (>8  years  or  5—8  years)
eceived excellent  scores,  which  may  have  resulted
rom  higher  participation  in  administrative  activ-
ties than  bedside  patient  care.  Only  ﬁve  nurses
ere categorized  as  having  excellent  knowledge,
nd all  of  these  were  junior  nurses.  In  our  expe-
ience, we  have  observed  that  such  nurses  later
ecome  an  asset  to  the  organization,  as  they  learn
uickly  and  should  be  instructed  to  become  train-
rs.
Many  guidelines  are  available  for  ensuring  ade-
uate  infection  control  in  various  settings,  and
any professional  journals  provide  recommenda-
ions [31—33].  However,  more  continuing  education
n this  area  is needed  [34,35]. A  lack  of  education
nd training  decreases  compliance  with  the  funda-
ental aspects  of  infection  control  practices  [36].
ther studies  have  found  that  the  training  of  HCWs
n infection  control  policies  is  inadequate;  there-
ore, hospitals  should  review  their  policies  on  the
rovision  of  education  and  training  regarding  infec-
ion prevention  and  control  procedures  [4,13,37].
hese reviews  will  help  to  ensure  that  all  staff  are
argeted  for  induction  training  and  that  key  staff
ho are  in  daily  contact  with  patients  are  educated
n the  most  recent  infection  prevention  and  con-
rol practices.  Suchitra  et  al.  recommended  yearly
ducational  modules  for  the  retention  of  knowledge
nd translation  of  behavioral  changes  in  HCWs  into
nfection  control  practices  [4].
Even  with  advances  in  the  health  care  system,
he threat  of  hospital-acquired  infections  remains.
ot all  HAIs  can  be  prevented;  however,  evidence
uggests that  one-third  to  one-half  of  HAIs  can
e prevented  [38].  Hospital  administrators  should
trive to  create  an  organizational  atmosphere
o
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n  which  adherence  to  recommended  infection
ontrol practices  is  considered  to  be  an  inte-
ral part  of  providing  high-quality  care.  For  this
pproach  to  be  successful,  hospitals  must  provide
isible support  and  sufﬁcient  resources,  such  as
ontinuous  education  programs  [4,13,37]. These
rograms  should  be  designed  according  to  the  spe-
iﬁc needs  of  each  category  of  HCW  [4,13,39].
ffective strategies  to  prevent  the  transmission  of
rganisms that  cause  HAIs  should  include  the  imple-
entation  of  programs  with  policies  and  procedures
hat are  designed  to  protect  patients  and  HCWs
rom infection.  These  programs  should  be  designed
y a hospital-wide  committee  that  includes  an
nfection  control  team  composed  of  a physician
nd infection  control  practitioners.  This  infection
ontrol team  should  be  responsible  for  the  imple-
entation  of  infection  control  guidelines,  policies
nd procedures  by  all  healthcare  personnel  in the
ealthcare  setting.
imitations
 limitation  of  this  study  was  that  we  did  not
upervise the  practices  of  the  nurses  and  relied
olely on  their  subjective  self-assessment  in  the
uestionnaires.  Therefore,  the  responses  may  have
een only  knowledge-based  and  may  not  have
ccurately reﬂected  the  true  attitudes  and  behav-
ors toward  infection  control  practices.  Therefore,
he reported  level  of  knowledge  regarding  these
ractices may  not  be  accurate.  These  data  may
ot be  absolute;  however,  they  offer  insight  into
nfection  control  practices  that  may  encourage
ther hospitals  to  review  their  practices  and
raining policies.  Another  limitation  of  the  study
as that  our  questionnaire  was  not  validated  for
ontent  or  difﬁculty  level  analysis,  which  may  have
ed to  erroneous  results.
onclusion
his  study  was  conducted  on  nursing  professionals
t a  tertiary  care  hospital  to  assess  their  knowl-
dge and  perception  regarding  infection  control
ractices. This  study  conﬁrms  ﬁndings  from  the  lit-
rature that  infection  control  knowledge  among
urses is fairly  good,  but  a  wide  range  of  improve-
ents is  needed.  Regular  educational  programs  on
nfection control,  standard  and  transmission-based
recautions  and  ward-based  teaching  programs
n various  care  bundles  must  be  included  in
n-house training.  Such  training  includes  the  exe-
ution of  educational  and  induction  programs  that
re designed  to  overcome  any  shortcomings  in
[[
[
[
[
[
[
[
[
[
[
[
[
[
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the  knowledge,  attitude  and  practice  of  infection
control by  HCWs.  An  institutional  culture  that
focuses on  infection  control  practices  will  reduce
the incidence  of  HAIs.
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